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⁃ Increase in the recirculation magnitude.
⁃ Decrease in the area of recirculation.
• Reduction in operating speed causes:
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Background
• Engine performance is degraded when operating at 
off-design conditions like during take off, rapid 
maneuvering, or hovering [1,5,6].
• Limited understanding on the complex flow 
phenomena within a gas turbine stage.
• Rotor articulation technology is predicted to achieve 
maximum performance at all operating conditions [2-4].
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Technical Approach
• Novel fluid-structure interaction finite element code 
featuring weakly enforced boundary conditions and 
sliding interface formulations [7].
• Single-stage turbine model with Army relevant 
dimensions and operating conditions. 
Conclusion
• Rotor articulation does substantial influence flow 
patterns and can be used to improve engine 
performance. 
• This technology could enable variable speed gas 
turbine engines aligned with the Army Future Vertical 
Lift (FVL) Program.
Path Forward
• Explore the potential benefits of synchronous 
articulation of stator and rotor blades through 
surrogate management framework optimization. 
• Distribute results for the development of mechanical 
mechanisms that will articulate turbine blades for 
variable speed gas turbine engines.
⁃ US Patent Appl. No. 15/691, 858
Results and Discussion
⁃ Increase of recirculation at the trialing edge, on 
the suction side and in the passage.
⁃ Decrease of recirculation at the leading edge and 
on the pressure side.
⁃ Flow separation begins closer to the leading edge.
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Illustration of rotor articulation (above). Proposed 
concept of rotor articulation technology (right).
Cross-section of turboshaft gas turbine engine.
Vorticity isosurfaces colored by velocity magnitude 
illustrating fluid behavior. 
Future Vertical Lift concept rotorcraft. 
Objective
• Computationally demonstrate the benefits of rotor 
articulation technology to enable variable speed gas 
turbine engines. • Positive angle (CCW) articulation causes:
• Coarse, tetrahedron 
mesh featuring local 
refinement near the 
blades with a total of 
11.7 million elements. 
Mesh of gas turbine stage 
model.
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Relative velocity magnitude plot featuring streamlines around rotor blades (left). Pressure contour of rotor blades (right). 
